In 1983, Robin Warren, a pathologist in Perth, reported the presence of "curved bacterium" in the mucosal layer of the gastric biopsy specimen. Together with Barry Marshall, he subsequently isolated the organism from the gastric biopsy specimens and named it ***Campylobacter pyloridis (C. pylori)***,\[[@CIT1]\] which was ultimately named as ***Helicobacter pylori (H. pylori)***. Marshall and Warren also noted that ***C. pylori (H. pylori)*** infection was associated with gastric and duodenal ulceration.\[[@CIT2]\] In recognition with this imperative discovery, they were awarded the Nobel Prize for Medicine in 2005. Their discovery initiated a new interest in previously neglected field of gastric microbiology. In 1994, the National Institute of Health consensus conference in USA declared an association between ***H. pylori*** and peptic ulcer disease.\[[@CIT3]\] During the same year, ***H. pylori*** was identified as a carcinogen associated with gastric adenocarcinoma\[[@CIT4]\] and gastric non-Hodgkin lymphoma.\[[@CIT5]\] An association between ***H. pylori*** and gastric mucosa-associated lymphoid tissue lymphoma (MALToma) was identified in 1991.\[[@CIT6]\] Therefore, after a decade of the isolation of ***H. pylori***, a previously obscured organism, it took a leap to become the most important microbiological agent in the human upper gastrointestinal tract.

Shortly after the landmark paper from Warren and Marshall, ***H. pylori*** (formerly ***C. pylori)*** was identified for the first time in children undergoing upper gastrointestinal endoscopy and having histological features of chronic active gastritis.\[[@CIT7]\] This was followed by another study, which described the association of the organism with gastroduodenal inflammation.\[[@CIT8]\] Consequently, a Canadian group of researches described the presence of the organism in the gastric mucosa of the children with antral gastritis and duodenal ulcers. Moreover, they also demonstrated the healing of duodenal ulcers in two patients following the eradication of the organism.\[[@CIT9]\] These findings firmly established ***H. pylori*** as an important pathogen in pediatric gastroenterology.

MICROBIOLOGICAL CHARACTERISTICS OF *H. PYLORI* {#sec1-1}
==============================================

***H. pylori*** is a spiral, microaerophilic, gram-negative bacterium with four to six unipolar sheathed flagella.\[[@CIT10]\] The surface of ***H. pylori*** is coated with 12--15 nm ring-shaped aggregates of urease and heat shock protein.\[[@CIT11]\] The urease enzyme and the heat shock protein B are located almost exclusively within the cytoplasm in the fresh log-phase cultures of ***H. pylori***. In subcultures, urease and heat shock protein B become associated with the bacterial surface, suggesting bacterial autolysis leading to release of protein and adsorption into the bacterial surface.\[[@CIT12]\] Some of the lipopolysaccharide of the organism mimics the Lewis blood group antigens in structure.\[[@CIT13]\] This molecular mimicry also helps in the continued existence of ***H. pylori*** in the unfavorable gastric environment.

Urease {#sec2-1}
------

***H. pylori*** is one of the most powerful urea-splitting organisms. Splitting urea to release nitrogen increases the pH of the gastric antrum. Although not essential, this is one factor that helps it to survive in the hostile gastric antrum. The other important role of urease is to provide nitrogen for the protein synthesis by the organism.\[[@CIT14]\]

Vacuolating cytotoxin {#sec2-2}
---------------------

This protein is capable of inducing vacuolation in eucaryotic cells. The gene for vacuolating cytotoxin (VacA) protein has also been cloned. All Helicobacter strains have VacA gene but only about 50% of them produce VacA protein. It is believed that VacA inserted into the membranes of endosomal vesicles form pores with chloride channel activity. This alters the composition of the anions within the endosomes and subsequently leads to osmotic swelling, which may have effects on the gastric epithelium.\[[@CIT15]\] Furthermore, it also induces apoptosis, leading to cell death.\[[@CIT16][@CIT17]\] Animal studies have shown that the supernatant from ***H. pylori*** expressing the toxin causes severe acute superficial mucosal injury.\[[@CIT14]\]

Cytotoxin-associated antigen {#sec2-3}
----------------------------

Cytotoxin-associated antigen (CagA) is probably the most important virulent factor in ***H. pylori***. The CagA gene is found in the Cag pathogenic island (PAI), a genome segment of 40 kb that encodes approximately 30 genes.\[[@CIT18]\] CagA PAI genes are thought to encode a complex syringe-like structure called type IV secretary complex that helps in translocating the CagA protein into the gastric epithelial cells.\[[@CIT19]--[@CIT21]\] After translocation, CagA is phosphorylated, possibly by known oncogenes\[[@CIT22]\] and causes rearrangement of the host cytoskeleton and alters cell signaling\[[@CIT18]\] and perturbs cell cycle control,\[[@CIT23]\] which are important pathogenic mechanisms of gastroduodenal disease. Both CagA and the secretory system, by independent mechanisms, activate proinflammatory signals and interleukin-8 secretion.\[[@CIT24][@CIT25]\] Furthermore, the CagA PAI-positive strains are known to induce the expression of a DNA-editing enzyme, which leads to accumulation of mutations in the tumor suppressor p53.\[[@CIT26]\] On the other hand, it had been shown that there are many CagA PAI-negative strains in gastroduodenal ulcers and gastric carcinomas.\[[@CIT14]\] Therefore, it is possible that other factors such as host immune mechanisms and environmental factors also play a role in the pathogenesis of the ***H. pylori***-associated gastroduodenal disease.

EPIDEMIOLOGY OF *H. PYLORI* {#sec1-2}
===========================

More than a half of the world\'s population is infected with ***H. pylori***, which is acquired almost always within the first 5 years of life.\[[@CIT27]\] In the developed world, the prevalence rates vary from 1.2% to 12.2%.\[[@CIT28]--[@CIT31]\] In developing countries, the prevalence rates are much higher. The serological prevalence rates of ***H. pylori*** were 15% and 46% in Gambian children aged less than 20 months and 40--60 months, respectively\[[@CIT32]\] and 45% among Indian children.\[[@CIT33]\] In Bolivia and Alaska, at the age of 9 years, the seroprevalence was 70% and 69%, respectively.\[[@CIT34]\] The seroprevalence in preschoolers in Brazil was found to be 69.7%.\[[@CIT35]\] An age-related increase of the prevalence of ***H. pylori***, irrespective of the economic state of the country, was observed by several independent studies across the world.\[[@CIT29]--[@CIT33][@CIT36]\]

Factors predisposing to ***H. pylori*** infection in children have been studied in detail. The main predisposing factors identified in these studies were low socioeconomic status.\[[@CIT29][@CIT37]\] ***H. pylori*** infection is greater among those living in crowded dwellings.\[[@CIT30]\] In their study, McCallion ***et al.*** showed that the association between social class and ***H. pylori*** becomes insignificant after adjustment for household density and bed-sharing between a child and an adult. This finding suggests that with regard to the acquisition of ***H. pylori*** infection, social class was acting as a proxy measure for conditions and practices within the household that increase the transmission of the organism from infected to uninfected subjects.\[[@CIT38]\] Improvements in the standards of living have resulted in a marked reduction in ***H. pylori*** transmission.\[[@CIT39]\]

TRANSMISSION OF *H. PYLORI* INFECTION {#sec1-3}
=====================================

However hostile, the human stomach is the only identified reservoir for ***H. pylori***. Although extensively studied, efforts to confirm the exact route of transmission have been disappointing. It has been speculated that the person-to-person spread currently appeared to be the most likely mode of transmission, especially between family members.\[[@CIT40][@CIT41]\] Hence, the possible routes are feco--oral, oral--oral and gastro--oral.\[[@CIT42]\] Thomas ***et al.*** were able to isolate ***H. pylori*** DNA and culture ***H. pylori*** from human feces, suggesting a feco--oral transmission.\[[@CIT43]\] Oral--oral transmission has also been recognized because ***H. pylori*** was isolated from dental plaques and saliva.\[[@CIT44]\] Furthermore, gastric--oral transmission was also suggested after the organism was cultured from vomitus.\[[@CIT45][@CIT46]\] This was further strengthened by Perry ***et al.***, who found that this transmission correlates with exposure to an infected family member with gastroenteritis, especially with vomiting.\[[@CIT47]\] Other possible ways of transmission include water-borne transmission\[[@CIT48]\] and vector-borne transmission.\[[@CIT49][@CIT50]\] Therefore, it is evident that the current knowledge on the exact modes of transmission is not optimal, and further studies are needed to clarify this clinically and epidemiologically important aspect of ***H. pylori***.

DIAGNOSIS OF *H. PYLORI* INFECTION {#sec1-4}
==================================

Diagnosis of ***H. pylori*** may be divided into invasive and noninvasive techniques. Invasive tests need an upper gastrointestinal endoscopy (UGIE) and biopsy material for tests, and the noninvasive techniques use other methods. Generally, biopsy cannot be justified, especially in children, unless one wishes to isolate the organism for antibiotic sensitivity testing or there is a clear clinical indication for UGIE. If one opted to test for ***H. pylori*** by biopsies with UGIE, it needs a specimen from multiple regions of the stomach, including antrum, body and transitional zones (i.e., cardia and incisura).

Invasive testing using biopsies from UGIE {#sec2-5}
-----------------------------------------

### Histology {#sec3-1}

The standard hematoxylin and eosin stain demonstrates inflammation (gastritis type) and ***H. pylori*** itself. Special stains are used to detect ***H. pylori*** if they are lesser in number. Silver stain detects organisms in small numbers but the disadvantage is that it is not possible to study the histology with silver stain and it is expensive. Less-expensive modified Giemsa stain is sensitive and specific for the organism and is much easier to perform than the silver stain.\[[@CIT51]\]

### Culture {#sec3-2}

Culturing this fastidious organism is relatively difficult, expensive and needs special media. The organism is identified as ***H. pylori*** if it is positive for urease, catalase and oxidase and produces a negative reaction for hippurate hydrolysis and nitrate reduction.\[[@CIT51]\] Currently, cultures are only obtained in research settings and suspected drug resistance.\[[@CIT52]\]

### Rapid urease test {#sec3-3}

The ability of the organism to split urea using the enzyme urease is used to identify ***H. pylori*** in tissue biopsy specimens. A specimen is placed on a commercially available urea-containing medium. The hydrolysis of the urea by urease brings about a color change in the pH-sensitive chemicals in the medium allowing the investigator to identify the presence of the organism. The accuracy of the test is dependent on the number of tissue specimens tested, the location from which the biopsy is obtained, the bacterial load and previous use of antibiotics and proton pump inhibitors as well as the prevalence of the infection in the community.\[[@CIT51]\]

Noninvasive tests for *H. pylori* {#sec2-6}
---------------------------------

### Serology {#sec3-4}

As in any other infection, ***H. pylori*** infection of the stomach exerts an immunological response in the body. The antibody response in children is to low-molecular weight antigens in the 15--30 kD range and take up to 60 days to develop.\[[@CIT51]\] Tests of serum immunoglobulin (Ig) A or IgM antibodies are unreliable to detect gastric colonization and, therefore, only IgG antibodies are used in clinical laboratory practice, which is measured using an enzyme-linked immunosorbent assay (ELISA). The presence of IgG antibodies against ***H. pylori*** denotes active infection because once an individual is colonized, the infection continues throughout life unless a course of appropriate eradication therapy is instituted.\[[@CIT53]\]

Nonetheless, the sensitivity of serological assays is poor in children unless used in the populations in which they were initially developed.\[[@CIT54]\] The choice of the antigen used in this test to detect the antibody is critical. The strains in Asia are different from those that are circulating in the rest of the world.\[[@CIT55]\] The sensitivity, specificity and positive and negative predictive values of the same test kit may differ in different ethnic or geographic populations.\[[@CIT56]\] It is observed that commercially available serum-based immunoassays have a range of sensitivity from 63% to 78%.\[[@CIT57]\] Besides, the mean antibody levels in young children are significantly lower than in older children and adults and these age-related standard values have not been established for children. Furthermore, most commercial kits have not been validated for children and the cut-off point for adults may be too high for children, resulting in a low sensitivity for the test.\[[@CIT58]\] Lastly, the antibodies persist even for months after eradication of the infection, reflecting a "scar" of a past infection, rather than indication of an acute infection. Owing to all these problems, the European and North American societies of Pediatric Gastroenterology, Hepatology and Nutrition do not recommend using serological tests in clinical settings until a further validation of serologic commercial kits.\[[@CIT52][@CIT55]\]

### Salivary IgG antibodies {#sec3-5}

Commercial kits are available to detect IgG antibodies in the saliva of infected children. Apart from all the disadvantages of the antibody assay discussed above, this test is less sensitive than the urea breath test (UBT).\[[@CIT59]\] The only advantage of this test is that it is less invasive and can be used in epidemiological studies.

### UBT {#sec3-6}

The ^13^C UBT has been used to diagnose ***H. pylori*** infection in children. Isotope urea (^13^C) ingested by the patient is split into ^13^CO~2~ and ammonia. Labeled CO~2~ is absorbed into the bloodstream and is detected and measured in expired air using a mass spectrometer. The sensitivity, specificity, positive predictive value and negative predictive value of UBT were approximately 96%, 93--97%, 91--97% and 97%, respectively in children and adolescents.\[[@CIT60][@CIT61]\] However, in the consensus statement of the European ***Helicobacter pylori*** Study Group, Drumm ***et al.*** state the high sensitivity and specificity of UBT in children over 6 years. Experience in children 5 years and below, particularly in infants, is relatively limited and needs further validation.\[[@CIT55]\]

### Stool antigen test {#sec3-7}

Another novel approach in the diagnosis of ***H. pylori*** infection is the detection of bacterial antigen in stools: ***H. pylori*** stool antigen test. The initially developed stool antigen test was a polyclonal antibody test (Premier Platinum HpSA test; Meridian Diagnostic Inc., Cincinnati, OH, USA) and was found to have variable sensitivities and specificities for the diagnosis of ***H. pylori*** infection. The development of a new ELISA test using monoclonal antibodies (Femtolab ***H. pylori***; Connex, Martinsried, Germany) gave a new dimension and greater precision for stool antigen testing. In comparative studies, stool antigen test using monoclonal antibodies showed a higher sensitivity than the polyclonal test.\[[@CIT62]\] This test has demonstrated sensitivities, specificities and positive and negative predictive values of 98%, 99%, 98% and 99%, respectively\[[@CIT63]\] proving that monoclonal stool antigen enzyme immune assay is an excellent tool in diagnosing ***H. pylori*** infection and confirming eradication in children. Therefore, the stool antigen test has now been adopted as part of the standard of care for children with suspected ***H. pylori*** infection.\[[@CIT64]\]

*H. PYLORI*--RELATED PATHOLOGICAL CONDITIONS {#sec1-5}
============================================

Gastritis {#sec2-7}
---------

Many studies convincingly demonstrate that ***H. pylori*** colonization of the gastric mucosa is associated with gastritis, with chronic inflammatory cell infiltrate in children. The macroscopic nodular gastritis was significantly associated with active chronic gastritis and follicular gastritis.\[[@CIT65][@CIT66]\] Microscopically, the gastric antrum shows lymphonodular hyperplasia and a small number of neutrophils as compared with adults.\[[@CIT67]\] Colonization of the gastric antrum by ***H. pylori*** is graded as mild, moderate or marked. In children, the number of bacteria present on the gastric mucosa is usually less than that in adults.\[[@CIT51]\]

Peptic ulcer disease {#sec2-8}
--------------------

There is a wide body of evidence indicating that ***H. pylori*** causes both gastric and duodenal ulceration in children. It had also been compellingly shown that children with duodenal ulcer disease experience less relapse if ***H. pylori*** is eradicated from the gastroduodenal mucosa.\[[@CIT68][@CIT69]\]

Gastric malignancies {#sec2-9}
--------------------

Epidemiological evidence indicates that there is a link between ***H. pylori*** infection and gastric adenocarcinoma and non-Hodgkin lymphoma. However, there are no studies to prove that ***H. pylori*** eradication during childhood prevents subsequent development of gastric malignancies.\[[@CIT52]\]

MALToma {#sec2-10}
-------

The association of ***H. pylori*** and MALToma is an established fact. Therefore, it is recommended to test and treat for ***H. pylori*** in circumstances of histopathological evidence of MALTomas in children.\[[@CIT52]\]

Gastro-esophageal reflux disease {#sec2-11}
--------------------------------

Yet another highly controversial topic is the role of ***H. pylori*** in the pathogenesis of gastro-esophageal reflux disease (GORD). Some studies suggest that ***H. pylori*** protects human subjects from developing GORD,\[[@CIT70]\] whereas others postulate a causative association between them. Some studies have identified an association between the CagA-positive strains and the increased acid secretion that in turn leads to gastro-esophageal reflux.\[[@CIT71]\] The causative association between ***H. pylori*** and GORD needs further research for confirmation.

Iron deficiency anemia {#sec2-12}
----------------------

Several studies have shown a relationship between ***H. pylori*** and iron deficiency anemia.\[[@CIT72][@CIT73]\] Whether this is caused by the increased iron loss or the decreased iron absorption is not clear yet. According to the First World Congress of Pediatric Gastroenterology, Hepatology and Nutrition working group report, children infected with ***H. pylori*** have lower body iron stores in comparison to age-matched controls.\[[@CIT74]\]

Growth faltering in children {#sec2-13}
----------------------------

Several studies have shown that ***H. pylori*** infection in childhood is associated with growth faltering.\[[@CIT75]--[@CIT78]\] However, these studies are confounded by the coexistence of variables such as poor socioeconomic status, which may contribute to both the development of malnutrition and the early ***H. pylori*** colonization. Therefore, ***H. pylori*** and growth faltering may be mere associations rather than cause and effect.

Recurrent abdominal pain {#sec2-14}
------------------------

After 20 years of isolating ***H. pylori***, its association and cause of recurrent abdominal pain has been one of the most debated controversies in pediatric gastroenterology. Researchers across the globe who investigated this association have found contradicting results. In these researches, several methods were used to define positive ***H. pylori*** status, including serology, histology, bacterial cultures, rapid urease test and UBT. Some investigators used treatment trials to eradicate ***H. pylori.*** The heterogenicity of their definition of recurrent abdominal pain and the methodologies may have led to the controversies in the results and conclusions.

Many investigators from different parts of the world have observed an association between ***H. pylori*** and recurrent abdominal pain,\[[@CIT79]--[@CIT81]\] whereas many others have failed to find an association between the same. \[[@CIT82]--[@CIT87]\] Finally, a meta-analysis of 45 studies in children with ***H. pylori*** and outcome found a weak and inconsistent evidence of an association between ***H. pylori*** infection and classic recurrent abdominal pain.\[[@CIT88]\] The medical positional statement of the North American Society of Pediatric Gastroenterology, Hepatology and Nutrition regarding ***H. pylori*** infection in children also found no convincing data to support the routine testing of children with recurrent abdominal pain for ***H. pylori.***\[[@CIT52]\]

MANAGEMENT OF CHILDREN WITH *H. PYLORI* INFECTION {#sec1-6}
=================================================

When to test children for *H. pylori* infection? {#sec2-15}
------------------------------------------------

It is important to keep in mind that testing children for Helicobacter infection should be performed only after a reasonable clinical diagnosis. The tests that the clinician selects need to have the ability to diagnose active infection, such as demonstration of the organism by histology or culture from endoscopic biopsy, UBT or fecal antigen test. The following are the current indications for testing:

1.  Endoscopically proven gastric or duodenal ulcer

2.  Radiographically defined duodenal ulcer

3.  Histological evidence of gastric MALToma

4.  Pathologically proven gastric metaplasia or atrophic gastritis

It is tempting to test children with recurrent abdominal pain for ***H. pylori***. But, as discussed earlier, there are no convincing data to suggest that the syndrome of recurrent abdominal pain is caused by infection with ***H. pylori***. Therefore, currently, it is not recommended to test these children for ***H. pylori***. Similarly, there are no compelling data to support routinely testing children without symptoms, including those residing in long-term care facilities, children with short stature and those with an increased risk of acquisition of the infection.\[[@CIT52]\]

Indications for treatment {#sec2-16}
-------------------------

1.  Documented gastric or duodenal ulcer

2.  Histologically proven gastric metaplasia

3.  Gastric MALToma

4.  Prior documented gastric or duodenal ulcer with current active infection

Yet again, treatment is not indicated in children with recurrent abdominal pain and nonulcer dyspepsia. Furthermore, it is not justifiable to treat children with unexplained short stature or at risk of infection, including asymptomatic children who have a family member with either peptic ulcer or gastric cancer with anti-Helicobacter therapy.\[[@CIT52]\]

As in any other infection, the treatment is intended to eradiate ***H. pylori*** from the gastroduodenal mucosa. It is vital to accomplish complete eradication as re-infection and development of drug resistance are two important problems in children. Therefore, it is imperative that when treatment is offered, complete courses are given, appropriate protocols that account for common local resistance patterns are followed and treatment is reserved for those patients who will benefit from eradication.\[[@CIT89]\]

Anti-Helicobacter treatment in children is not effectively evidence-based as that in adults. Most are open-label, case series and uncontrolled anecdotal observations that do not meet the minimum criteria for determining efficacy.\[[@CIT52]\] There are several reasons why good treatment trials are lacking in the pediatric population. Firstly, prevalence of infection in developed countries is low, and large series could only be collected by multicenter studies. Secondly, such studies are expensive and pharmaceutical companies are not willing to invest money in the pediatric market. Thirdly, in less-developed countries, where prevalence of infection in children is high, facilities to perform clinical trials are not widely available.\[[@CIT90]\] Therefore, current treatment strategies to eradicate ***H. pylori*** have been developed primarily by using data from adults.

Monotherapy with a single antibiotic has shown very low eradication rates and hence is not recommended as an effective therapy. Several combinations of dual therapies were used by researchers worldwide. In a recent meta-analysis using the metaregression model, Khurana ***et al.*** showed that the combined treatment of amoxicillin and a proton pump inhibitor has a very low eradication rate \[e.g., Spain (21%), Mexico (48%), Germany (52%) and Japan (70%)\]. However, the efficacy of dual therapy with amoxicillin and nitroimidazole was far more encouraging, with a clearance rate of 84% in European studies when given for 2--6 weeks.\[[@CIT91]\]

Triple therapy is considered to be the standard treatment for children. Proton pump inhibitor combined with two antibiotics has been shown to be very effective in clearing ***H. pylori*** from the stomach. Current recommendation is treatment with amoxicillin, clarithromycin and a proton pump inhibitor for 2 weeks \[[Table 1](#T0001){ref-type="table"}\]. An additional two triple therapy regimens that are effective in children include a proton pump inhibitor combined with clarithromycin and metronidazole or amoxicillin and metronidazole combined with bismuth given for a 2-week duration\[[@CIT91]\] \[[Table 1](#T0001){ref-type="table"}\].

###### 

Recommended first-line treatment for *Helicobacter pylori* infection in children

  Option   Drug                                       Dosage                                  Duration
  -------- ------------------------------------------ --------------------------------------- ----------
  1        Amoxicillin                                50 mg/kg/day up to 1 g twice daily      
           Clarithromycin                             15 mg/kg/day up to 500 mg twice daily   14 days
           Proton pump inhibitor (e.g., Omeprazole)   1 mg/kg/day up to 20 mg twice daily     
  2        Amoxicillin                                50 mg/kg/day up to 1 g twice daily      
           Metronidazole                              20 mg/kg/day up to 500 mg twice daily   14 days
           Proton pump inhibitor                      1 mg/kg/day up to 20 mg twice daily     
  3        Clarithromycin                             15 mg/kg/day up to 500 mg twice daily   
           Metronidazole                              20 mg/kg/day up to 500 mg twice daily   14 days
           Proton pump inhibitor                      1 mg/kg/day up to 20 mg twice daily     

In adults, triple therapy based on amoxicillin, clarithromycin and a proton pump inhibitor was shown to be more effective when given for 14 days rather than for 7 days\[[@CIT92]\], but showed an equal efficacy in 1- and 2-week regimens for children.\[[@CIT91]\] However, head-to-head comparisons are needed to confirm whether differences exist between these regimens before definite recommendations. Efficacy of the 10-day treatment with proton pump inhibitor-based therapy or bismuth-based therapy is not very widely studied in children. Two studies on 10-day triple therapy and 10-day sequential therapy showed eradication rates of 92%\[[@CIT93]\] and 97.3%,\[[@CIT94]\] respectively. However, data regarding efficacy of the 10-day therapy is still inadequate, and therefore, it is not recommended in a recent meta-analysis\[[@CIT91]\] and a systematic review.\[[@CIT90]\] Confirmation of ***H. pylori*** eradication should be performed at least 4 weeks after treatment using a noninvasive test such as UBT or stool antigen test.\[[@CIT92]\]

Other therapies {#sec2-17}
---------------

Bismuth-based quadruple therapy is considered as the preferred second-line therapy in adults. There is one trial in children using bismuth-based quadruple therapy that showed an eradication rate of 84%.\[[@CIT93]\] In children, quadruple therapy with metronidazole, clarithromycin, amoxicillin and omeprazole was effective, with an eradication rate of 94%.\[[@CIT95]\] Furazolidone, metronidazole, amoxicillin and a proton pump inhibitor cured 80% of the cases.\[[@CIT96]\] Amoxicillin, omeprazole, clarythromycin and Lactobacillus eradicated more than 90% of the infection.\[[@CIT97]\] Because quadruple therapy is used as a second-line treatment, more pediatric research in this area is urgently needed.

Only one trial has tested the efficacy of sequential therapy in children, which reported eradication of ***H. pylori*** infection in more than 90% of the children.\[[@CIT94]\] Therapy with a combination of rifabutin, rifamycin or levofloxacin is yet to be tested in children, but it is recommended that these therapeutic options should be based on antimicrobial susceptibility testing.\[[@CIT92]\]

Recent studies have assessed the value of probiotics in the management of ***H. pylori*** infection. Some studies have shown a higher eradication of infection when probiotics were used in combination with triple therapy in adults.\[[@CIT98]\] Several studies have shown a significant reduction in the antibiotic-associated side effects and an increase in the overall treatment tolerability\[[@CIT99][@CIT100]\] while some others have failed to show such effects.\[[@CIT98]\] However, further pediatric studies are needed for a definite identification of the therapeutic value of probiotics in the management of ***H. pylori*** before recommending it as a standard therapy.
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